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Description 

The invention relates to a method of manufacturing a semiconductor device whereby a layer comprising Co or Ni 
is deposited on a surface of a semiconductor body which is bounded by regions of silicon and regions of an insulating 
s material, after which the semiconductor body is heated during a heat treatment to a temperature at which the Co or Ni 
does form a metal silicide with the silicon, but not with the insulating material. 

The silicon regions may be regions of monocrystalline as well as polycrystalline silicon, such as source and drain 
zones or gate electrodes of field effect transistors. The regions of insulating material may be used for insulating field 
effect transistors from one another or for lateral insulation of gate electrodes. They may be made of silicon oxide, 
10 nitride, or oxynitride. 

After the heat treatment, any remaining Co or Ni may be selectively etched away relative to the insulating material 
and the silicide formed. The silicide then remains as a top layer on the silicon. The silicon has thus been provided with 
a well-conducting top layer in a self-registering manner. 

Co and Ni silicides have the advantage that they possess the same crystal structure with practically the same 

is dimensions as silicon, so that few mechanical stresses will arise in monocrystalline silicon upon the formation of the 
metal silicide. In addition, these metal silicides have a great resistance to etchants with which silicon oxide can be 
etched. As a result, silicon regions having a top layer of these metal silicides may be readily provided with an insulating 
layer of silicon oxide which has contact holes for local contacting of these regions. 

A method of the kind mentioned in the opening paragraph is known from "Self-aligned CoSi 2 and TiW(N) local 

20 interconnect in a sub-micron CMOS process", R.D.J. Verhaar et al., Appl. Surf. Sci., 38 (1989), pp. 458-466, whereby 
a layer of Co is provided on a semiconductor body having a surface bounded by regions of monocrystalline silicon, 
polycrystalline silicon, and silicon oxide. The semiconductor body is brought to a temperature of between 500 and 
900°C within a few seconds after the Co layer has been provided, and kept at this temperature for 30 seconds. Then 
Co is etched away from the surface and a second heat treatment at a temperature of 700° C is carried out for 30 seconds. 

25 it was found to be practically impossible to provide a layer of CoS^ by the known process described without 

"overgrowth" occurring, by which is meant that the growth of the metal silicide is not limited to the silicon regions, but 
that it also extends to on the silicon oxide regions situated immediately next to the silicon regions. Such an overgrowth 
may give rise to short-circuits in the semiconductor device. 

The invention has for its object inter alia to provide a method by which silicon regions present at a surface of a 

30 semiconductor body can be provided with a layer of Co or Ni silicide, while the overgrowth described above is sub- 
stantially avoided. 

To achieve this object, the method according to the invention is characterized in that as the Co- or Ni-containing 
layer a layer of an amorphous alloy of this metal and a metal from a group comprising Ti, Zr, Ta, Mo, Nb, Hf and W is 
deposited on the surface and in that the temperature is so adjusted during the heat treatment that the layer of the 

35 amorphous alloy remains amorphous during the heat treatment. 

The said overgrowth is substantially avoided by this. The suspected cause is that Co or Ni is provided in a layer 
which is amorphous. According to the known method described, the metal is provided in a layer comprising only Co. 
Such a layer is crystalline. If this layer is made to react with silicon regions of a semiconductor body through heating, 
overgrowth will be possible because Si atoms can diffuse from the silicon regions along crystal boundaries into the 

40 metal layer during the heat treatment, and form silicide there. An amorphous layer, on the other hand, has no crystal 
boundaries, so that diffusion of silicon atoms from the semiconductor regions into the layer comprising Co or Ni is 
practically impossible. The amorphous alloy as used in the method according to the invention yields Co or Ni during 
the heat treatment and remains amorphous during this, so that overgrowth is avoided throughout the heat treatment. 
Preferably, the method according to the invention is characterized in that a layer of an amorphous alloy of Co with 

45 a metal from the group Ti, Zr and W is deposited on the surface. Co silicide has a lower electrical resistance than Ni 
silicide (18 and 50 micro-ohms cm, respectively), so that a less thick Co silicide layer need be used compared with an 
N i-silicide layer in order to obtain a layer of metal silicide having a desired square resistance. Ti, Zr and W are particularly 
suitable materials for the layer because of the ready availability of these metals in the semiconductor production proc- 
ess, while these metals give satisfactory results in practice. 

50 Although formation of Co and Ni silicides takes place above approximately 300° C, the temperature during the 

heat treatment is preferably chosen to be between 350 and 600° C. Above 600° C, formation of silicides with the metal 
from the group with Ti, Zr, Ta, Mo, Nb, Hf and W takes place. Such a formation is undesirable because of, for example, 
mechanical stresses which may arise in the metal silicide. A temperature between 350 and 600° C gives a sufficiently 
fast reaction between Co or Ni and silicon, while formation of silicide with the other metal from the alloy does not take 

55 place. 

It is important for the layer comprising Co or Ni to remain amorphous during the heat treatment. The amorphous 
layer may crystallize above a certain temperature, the crystallization temperature. This temperature depends on the 
ratio of Co or Ni to the metal from the group. The Co or Ni reacts with silicon to form the desired metal silicide. The Tt, 
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Zr or W serves to make the alloy amorphous. Preferably, an alloy containing between 50 and 75 at% Co lies deposited. 
In the case of Co and W, the crystallization temperature of an alloy containing approximately 50 to 75 at% Co is well 
above 600° C, so that no crystallization will take place during implementation of the method, also if Co should be 
diffused out. 

s In semiconductor devices having very small detail dimensions (VLSI), conductors may advantageously be used 

which lie directly over regions of an insulating material. In the method according to the invention, the remaining portion 
of the amorphous alloy layer which has formed no metal silicide with the silicon is preferably patterned after the heat 
treatment. Conducting amorphous material is still present on the regions of insulating material and on the metal silicide 
formed after the formation of this metal silicide. This is brought into the correct pattern by means of usual techniques 

10 such as photolithography, etching, etc., in order to form the conductor tracks. To obtain a comparatively low electrical 
resistance of the conductor track, the remaining portion of the layer is preferably nitrided after this portion has been 
patterned. Nitriding takes place by, for example, heating of the device in an atmosphere of NH 3 or N 2 . Thus low-ohmic 
conductor tracks are formed over the regions of insulating material in a simple manner by means of the layer which is 
already present and which comprises amorphous metal. 

15 Preferably, a layer of an amorphous alloy is used which is provided with boron during the deposition, while the 

heat treatment takes place in an atmosphere containing nitrogen. The boron atoms from the amorphous layer diffuse 
into the silicon surface during the heat treatment andthus form a p-type doped region. The nitrogen from the atmosphere 
reacts with the metal from the group Ti, Zr, Ta, Mo, Nb, Hf and W to form a metal nitride. This metal nitride forms a 
layer on the metal silicide, so that the boron cannot disappear through a surface of the layer. In this way a silicide and 

20 a p-type doped region can be formed in a self-registering manner at the same time. 

The invention is explained in more detail below, by way of example, with reference to drawings. In the drawings: 

Figs. 1 and 2 show two stages in the manufacture of a semiconductor device made by the method according to 
the invention, 

25 Fig. 3 shows a test device for detecting overgrowth of metal silicide over regions of insulating material. 

The Figures are purely diagrammatical and not drawn to scale. Corresponding parts are generally indicated with 
the same reference numerals in the Figures. 

Figs. 1 and 2 show a cross-section of a semiconductor device, the manufacture of which by the method according 

30 to the invention will be described. The semiconductor device comprises a semiconductor body 1 with a surface 2 
bounded by silicon regions 3, 4, 5 and 6 and regions of insulating material 8 and 9 (see Fig. 1). The regions 3, 4 and 
5 are of monocrystalline silicon. The regions 3 and 4 in this example form the drain and source zones of a field effect 
transistor. The semiconductor body 1 may be contacted, for example, through the region 5. The silicon region 6 is of 
polycrystalline silicon and forms the gate electrode of the field effect transistor, insulated by a layer of gate oxide 7 

35 from the portion of the semiconductor body 1 situated between the source and drain zones 3 and 4. The regions of 
insulating material 8 and 9 in this example consist of silicon oxide, but they might alternatively be made of silicon nitride, 
silicon oxynitride, or even of aluminium oxide. The insulating regions 8 insulate the source and drain zones 3, 4 of the 
region 5, acting as field oxide regions. The insulating regions 9 insulate the gate electrode 6 in lateral direction from 
the source and drain zones 3 and 4. 

40 A layer 12 comprising Co or Ni is deposited on the surface 2 of the semiconductor body 1 , after which the semi- 

conductor body 1 is heated in a heat treatment to a temperature at which the Co or Ni does form metal silicide 10, 20, 
30 and 40 with the silicon 3, 4, 5 and 6, but does not form metal silicide with the insulating material 8 and 9, the 
temperature being furthermore so adjusted during the heat treatment that the layer of the amorphous alloy remains 
amorphous during the heat treatment. After the heat treatment, remaining Co or Ni may be selectively etched away 

45 from the layer 12 relative to the insulating material 8 and 9 and the formed metal silicide 10, 20, 30 and 40 (see Fig. 
2). The metal silicide 10, 20, 30 and 40 thus remains as a top layer on the silicon 3, 4, 5 and 6. The monocrystalline 
silicon regions 3, 4, 5 can be better contacted in this way, while the polycrystalline region 6 exhibits a lower electrical 
resistance. 

Co and Ni silicides have the advantage that they have the same crystal structure with practically the same dimen- 
50 sions as silicon, so that few mechanical stresses will arise during the formation of the metal silicide in monocrystalline 
silicon. In addition, these metal silicides have a great resistance to etchants with which silicon oxide can be etched. 
As a result, the silicon regions 3, 4, 5 and 6 with metal silicide top layer 10, 20, 30 and 40 may be simply provided with 
an insulating layer 14 of silicon oxide having contact holes 15 for local contacting of these regions, for example, by 
means of an aluminium layer 16. 
55 According to the invention, a layer of an amorphous alloy of Co or Ni with a metal from a group comprising Ti, Zr, 

Ta, Mo, Nb, Hf and W as the layer 12 comprising Co or Ni is deposited on the surface 2, the temperature furthermore 
being so adjusted during the heat treatment that the layer of the amorphous alloy remains amorphous during the heat 
treatment. The formation of metal silicide on portions of the regions of insulating material 8 and 9 immediately adjoining 
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the silicon regions 8 and 9, the so-called overgrowth, is prevented by the measure according to the invention. The 
suspected cause is that Co or Ni is provided in a layer which is amorphous. An amorphous layer has no crystal bound- 
aries, so that diffusion of silicon atoms from the semiconductor regions into the layer comprising Co or Ni is practically 
impossible, so that overgrowth is avoided throughout the heat treatment. 
5 Co, Ni, and the metal from the group Ti, Zr, Ta, Mo, Nb, Hf and W may be deposited on the conductor body in 

usual manner, for example, by sputtering or vapour deposition. In the latter case the metal is heated, for example, with 
an electron beam. 

Preferably, the method according to the invention is characterized in that a layer of an amorphous alloy of Co with 
a metal from the group Ti, Zr and W is deposited on the surface. Co silicide has a lower electrical resistance than Ni 

10 silicide (18 and 50 micro-ohms cm, respectively), so that a less thick layer of Co silicide need be used compared with 
a layer of Ni silicide in order to obtain a metal silicide layer having a desired square resistance. Ti, Zr and W are 
particularly suitable metals for the layer because of the ready availability of these metals in the semiconductor produc- 
tion process, while these metals give satisfactory results in practice. 

Preferably, the semiconductor body 1 is heated to a temperature between 350° C and 600° C during the heat 

1$ treatment of the amorphous alloy. Below 350° C the formation of silicide is not fast enough, so that only a thin metal 
silicide layer is generated after a long process time, while above 600° C not only the Co or Ni, but also the metal from 
the group comprising Ti, Zr, Ta, Mo, Nb, Hf and W reacts with the silicon 3 and 4. Such a reaction is undesirable because 
of, for example, mechanical stresses which may arise in the metal silicide. A temperature between 350 and 600° C 
gives a sufficiently fast reaction of the layer 12 comprising amorphous Co or Ni with the silicon regions 3, 4, 5 and 6, 

20 while the formation of silicide with the metal from the group does not happen. Preferably, therefore, the temperature 
is taken to be between 350 and 600° C during the heat treatment. 

It is important for the layer comprising Co or Ni to remain amorphous during the heat treatment. The amorphous 
layer may crystallize above a certain temperature, the crystallization temperature. The crystallization temperature of 
the amorphous alloy lies above the temperature at which the heat treatment is carried out in the method according to 

25 the invention. The crystallization temperature depends on the ratio of Co or Ni to the metal from the group. This ratio 
is discussed in more detail in "The Crystallization Temperature of Amorphous Transition -Metal Alloys" by R. de Reus 
et al. in Materials Letters, vol. 9, no. 12, August 1990, pp. 487-493. An alloy is preferably chosen which contains a 
maximum amount of Co or Ni in order to obtain the thickest possible metal silicide layer, while the crystallization tem- 
perature is well above the heat treatment temperature. Preferably, an alloy comprising between 50 and 75 at% Co is 

30 deposited. The crystallization temperature is above 600° C for this composition, also when the Co content of the alloy 
decreases owing to diffusion of Co. For Co7 0 Ti 30 , i.e. an alloy containing 70 at% Co and 30 at% Ti, and for CoZr with 
between 50 and 90% Co, the crystallization temperature is also above 600° C. 

In semiconductor devices having very small detail dimensions (VLSI), it is often necessary to interconnect electri- 
cally several conductor tracks, such as, for example, the metal silicide regions 20 and 40. These connector tracks are 

35 normally physically separated and electrically insulated by regions of insulating material, for example, a region 8. To 
connect the conductor tracks 20 and 40 with one another, a conductor track 50 is laid over the region of insulating 
material 8. In the method according to the invention, preferably, the remaining portion of the layer of amorphous alloy 
12, which has not formed a metal silicide with the silicon, is brought into a pattern after the heat treatment. After the 
formation of the metal silicide 10, 20, 30 and 40, the amorphous layer 12 is still present on the regions of insulating 

40 material 8 and 9 and above the metal silicide formed. The amorphous layer 1 2 is patterned by means of usual techniques 
such as photolithography, etching, etc., to form the conductor track 50. To obtain a comparatively low electrical resist- 
ance of the conductor track 50, this portion is preferably nitrided after the remaining portion of the layer has been 
patterned. This nitriding takes place, for example, by heating the device in an atmosphere of NH 3 or N 2 . Thus a low- 
ohmic conductor track 50 is formed over a region of insulating material 8 in a simple manner by means of the layer 12 

45 comprising amorphous metal which was already present. 

Preferably, a layer of an amorphous alloy 1 2 is used which is provided with boron during deposition, while the heat 
treatment takes place in an atmosphere containing nitrogen. The boron atoms from the amorphous layer 12 diffuse 
into the silicon surface during the heat treatment and thus form a p-type doped region, for example, regions 3 and 4. 
The nitrogen from the atmosphere reacts with the metal from the group Ti, Zr, Ta, Mo, Nb, Hf and W to form a metal 

50 nitride. This metal nitride forms a layer on the metal silicide, so that the boron cannot disappear through a surface of 
the layer. In this way a silicide 10, 20, 30 and 40 and p-type doped regions 3 and 4 can be formed in a self-aligned 
manner and at the same time. 

A number of examples of the method according to the invention will be given in the section below. 

55 Example 1 : Formation of self-registering cobalt silicide from an amorphous Co75W 2 5 layer. 

A semiconductor body 1 is provided with silicon regions 3, 4, 5 and 6 and regions of insulating material 8 and 9 in 
usual manner. Then Co and W are provided by sputtering (vacuum 9.33 x 10 -5 Pa (7 x 10" 7 torr), pressure during 
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sputtering 0.67 Pa (5 x 10" 3 torr), deposition rate 0,84 nm/s). This is followed by a first heat treatment in a vacuum of 
1 .07 x 10" 4 Pa (8 x 10' 7 torr), after which etching takes place with NH 3 : H 2 0 2 1 : 1 during two minutes. A second heat 
treatment is then carried out at 750° C for 15 minutes. The temperatures and treatment times during the first heat 
treatment, the measured layer thickness, the square resistance before and after etching, the square resistance and 

s . the layer thickness after the second heat treatment are given in Table 1. The layers are then inspected by means of 
transmission electron microscopy (TEM), Rutherford backscattering (RBS) and Auger spectroscopy. No overgrowth 
of the metal silicide on the regions of insulating material was found. Overgrowth was also investigated by means of a 
special test semiconductor device drawn in Fig. 3, in which metal silicide layers 10 and 20 are formed on a surface 2 
of a semiconductor body 1 , which layers are separated by a thin region of silicon oxide 9. The electrical resistance 

10 between the two metal silicide regions 10 and 20 is a measure for the overgrowth. In this test device, again, no over- 
growth was found. 



Table 1: Layer thickness after sputtering, temperature and treatment time of first 
heat treatment, square resistance R B before and after etching, and square 
resistance and layer thickness after the second heat treatment for Co^W^. 
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Example 2: Formation of cobalt silicide or nickel silicide from an amorphous layer of Co or Ni with Zr, W, or Ti. 

A semiconductor body 1 is provided with silicon regions 3, 4, 5 and 6 and regions of insulating material 8 and 9 in 
55 usual manner. Then an amorphous layer is provided by vapour deposition (vacuum 9.33 x 10" 5 Pa (7 x 10 -7 torr). A 
first heat treatment then follows in a vacuum of 1 .07 x 10 -4 Pa (8 x 10 -7 torr), after which etching takes place with NH 3 : 
H 2 0 2 1 : 1 during two minutes. A second heat treatment is then carried out, if so desired. The composition, layer 
thickness after vapour deposition, temperature and treatment time during the first heat treatment, square resistance 
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before and after etching, temperature and time of the second heat treatment, square resistance and layer thickness 
after the second heat treatment are given in Table 2. The layers are then inspected by means of transmission electron 
microscopy (TEM), Rutherford backscattering (RBS) and Auger spectroscopy. No overgrowth of the metal silicide on 
the regions of insulating material was found. Overgrowth was also investigated with the special test semiconductor 
device of Fig. 3. In the metal silicide layers made in this example 2, again, no overgrowth was found with this test device. 



Table 2: Composition, layer thickness after vapour deposition, temperature and 
treatment time during first heat treatment, square resistance R B before and after 
etching, temperature and time of second heat treatment (if any), square resistance 
R B and layer thickness after first or second heat treatment. 
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Example 3: Formation of cobalt silicide or nickel silicide from an amorphous layer of Co or Ni with Ti, Ta, Mo, Nb, Hf 
so and W. 

An amorphous metal layer was provided on the semiconductor body in these examples in the same way as in 
examples 1 and 2. Metal silicides were obtained in a self-aligned manner under conditions comparable to those given 
in Tables 1 and 2. 

55 
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Claims 

1. A method of manufacturing a semiconductor device whereby a layer (12) comprising Co or Ni is deposited on a 
surface (2) of a semiconductor body (1 ) which is bounded by regions of silicon (3,4,5,6) and regions of an insulating 

s material (8,9), after which the semiconductor body (1 ) is heated during a heat treatment to a temperature at which 

the Co or Ni does form a metal silicide with the silicon, but not with the insulating material, characterized in that 
as the Co- or Nicontaining layer ( 1 2) a layer of an amorphous alloy of this metal and a metal from a group comprising 
Ti, Zr, Ta ( Mo, Nb, Hf and W is deposited on the surface (2) and in that the temperature is so adjusted during the 
heat treatment that the layer of the amorphous alloy remains amorphous during the heat treatment. 

10 

2. A method as claimed in Claim 1 , characterized in that a layer of an amorphous alloy of Co with a metal from the 
group Ti, Zr and W is deposited on the surface. 

3. A method as claimed in any one of the preceding Claims, characterized in that the temperature during the heat 
is treatment is chosen to be between 350 and 600° C. 

4. A method as claimed in Claim 2, characterized in that an alloy containing between 50 and 75 at% Co is deposited. 

5. A method as claimed in any one of the preceding Claims, characterized in that the remaining portion of the layer 
20 of the amorphous alloy which has formed no metal silicide with the silicon is patterned after the heat treatment. 

6. A method as claimed in Claim 5, characterized in that after the remaining portion of the layer has been patterned, 
this portion is nitrided. 

25 7. a method as claimed in any one of the Claims 1 to 4, characterized in that a layer of an amorphous alloy is used 
which is provided with boron during the deposition, while the heat treatment takes place in an atmosphere con- 
taining nitrogen. 



30 Patentanspruche 

1 . Herstellungsverfahren fur eine Halbleiteranordnung, wobei eine Schicht (1 2) mit Co oder Ni auf einer Oberflache 
(2) eines Halbleiterkorpers (1 ) abgelagert wird, der durch Siliziumgebiete (3, 4,5, 6) und durch Gebiete aus einem 
Isoliermaterial (8, 9) begrenzt, wonach der Halbleiterkorper (1) in einer Warmebehandlung auf eine Temperatur 

35 erwarmt wird, bei der das Co oder Ni ein Metallsilizid mit dem Silizium bildet, aber nicht mit dem Isoliermaterial, 

dadurch gekennzeichnet, daf* ats Co- oder Ni-haltige Schicht (12) eine Schicht aus einer amorphen Legierung 
dieses Metalls und einem Metall aus einer Gruppe mit Ti, Zr, Ta, Mo, Nb, Hf und W auf der Oberflache (2) abgelagert 
wird, und daG die Temperatur wan rend der Warmebehandlung so eingestellt wird, daG die amorphe Legierungs- 
schicht wahrend der Warmebehandlung amorph bleibt. 

40 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daft eine amorphe Legierungsschicht aus Co mit einem 
Metall aus der Gruppe Ti, Zr und W auf der Oberflache abgelagert wird. 

3. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daf3 die Temperatur wahrend der 
45 Warmebehandlung zwischen 350 und 600°C gewahlt wird. 

4. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daf3 eine Legierung mit Co zwischen 50 und 75 At. % ab- 
gelagert wird. 

so 5. Verfahren nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB der restliche 
Teil der Schicht der amorphen Legierung, der kein Metallsilizid mit dem Silizium gebildet hat, nach der Warmebe- 
handlung bemustert wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daf3 nach der Bemusterung des restlichen Anteils der 
55 Schicht dieser Anteil nitriert wird. 

7. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB eine amorphe Legierungsschicht 
verwendet wird, die wahrend der Ablagerung mit Bor versorgt wird, wahrend die Warmebehandlung in einem 
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stickstoffhaltigen Atmosphare erfolgt. 



Revendications 

1 . Procedd pour la fabrication d'un dispositif semi-conducteur, selon lequel une couche (1 2) contenant Co ou Ni est 
deposee sur une surface (2) d'un corps semiconducteur (1), qui est delimits par des regions en silicium (3,4,5,6) 
et des regions en un materiau isolant (8,9), apres quoi le corps semiconducteur (1 ) est chauffe pendant un traite- 
ment thermique a une temperature a laquelle le Co ou Ni forme un siliciure metallique avec le silicium, mais non 
avec le materiau isolant, caracterisd en ce que comme couche contenant le Co ou le Ni (12) est d6posee sur la 
surface (2) une couche en un alliage amorphe de ce metal et d'un metal choisi dans le groupe constitue par Ti, 
Zr, Ta, Mo, Nb, Hf et W et en ce que la temperature est regime pendant le traitement thermique de facon que la 
couche de I'alliage amorphe reste amorphe pendant le traitement thermique. 

2. Proced6 selon la revendication 1, caracterise en ce qu'une couche en un alliage amorphe de Co avec un metal 
choisi dans le groupe Ti, Zr et W est d6posee sur la surface. 

3. Precede selon Tune des revendications precedantes, caracterise en ce que, lors du traitement thermique, la tem- 
perature est choisie entre 350 et 600°C. 

4. Proc6d6 selon la revendication 2, caract6ris6 en ce qu'un alliage contenant 50 et 75 % en atomes de Co est deposed 

5. Proc6de selon Tune des revendications precedentes, caract6ris6 en ce que la partie subsistante de la couche de 
I'alliage amorphe qui n'a pas formee de siliciure metallique avec le silicium est configuree apres le traitement 
thermique. 

6. Procede selon la revendication 5, caracterise en ce qu'apres la configuration de la partie subsistante de la couche, 
cette partie est nitruree. 

7. Procede selon Tune des revendications 1 a 4, caracterise par I'utilisation d'une couche en un alliage amorphe qui 
est muni de bore pendant le depdt, alors que le traitement thermique s'effectue dans une atmosphere contenant 
de I'azote. 



9 



EP 0 501 561 B1 




